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$X$ 1 ( 1
Riemann
) End (X), Aut (X) $X$
21. (holomorphic $\mathrm{r}\mathrm{e}\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$) $R\subset X\mathrm{x}X$ $X\mathrm{x}X$ 1
( ) : 1
R R
$\nu:\tilde{R}arrow X\mathrm{x}X$
\nu (R)=R $\overline{R}$ R
(CONVENTION)
$\{x\}$ $\cross$ U $U\cross\{x\}$
$X\cross X$ 1 2 \mbox{\boldmath $\pi$}1, $\pi_{2}$ \nu $:=$
$\pi_{j}\circ\nu$
$\# g_{I}\ovalbox{\tt\small REJECT}=(U_{1}, \nu_{2})$
$R,$ $S$ X
$R\circ S:=$ { $(x,$ $y)\in X\cross X;(x,$ $z)\in S,$ $(z,$ $y)\in R$ for some $z\in X$ }
$R^{t}:=\{(x, y);(y, x)\in R\}$
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X$\nu$ : R\rightarrow X $\cross$ X \mbox{\boldmath $\lambda$} : $\tilde{S}arrow X\cross X$ $R$, S
$V:=\{(r, s)\in\tilde{R}\mathrm{X}\tilde{S};\nu 1(r)=\lambda_{2}(s)\}$
.
1 \mbox{\boldmath $\varphi$} : $\tilde{V}arrow V$
$\lambda:=(\lambda_{1}\mathrm{x}_{\mathcal{U}_{2}})0\varphi:Varrow X\cross X$ $R\mathrm{o}$ S
$f$ : X\rightarrow X f
graph$(f)=\{(X, f(X));x\in X\}$
f graph(f) $R=\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(f),$ $S=$
$\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(g)$ $R\mathrm{o}S=\mathrm{g}\mathrm{r}\mathrm{a}_{\mathrm{P}}\mathrm{h}(f\mathrm{o}g),$ $R^{t}=\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(f-1)$











21. $R=\emptyset$ $R=\mathrm{d}\mathrm{g}(X):=\{(X, X);X\in X\}$
(X, $\{R\}$ ) $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller
“ ”
22. $\Gamma$ End(X) \mbox{\boldmath $\gamma$} $R_{\gamma}=$
$\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\gamma)$ $n_{\mathrm{r}}=\{R_{\gamma};\gamma\in\Gamma\}$ (X, $\mathcal{R}_{\Gamma}$) \Gamma
(X, $\Gamma$ )
22. \Gamma $R_{\Gamma}= \bigcup_{\gamma\in\Gamma}R_{\gamma}$
(X, $R_{\Gamma}$ ) (X, $R_{\Gamma}$ ) $\gamma_{f}$
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2.3.
$R=\{(Z_{1}, z2)\in \mathbb{C}^{*}\cross \mathbb{C}^{*};z_{2}=Z_{1}^{\sqrt{2}}=\exp(^{\sqrt{2}}\log z1)\}$
R \nu : $\mathbb{C}arrow R$ :
$\nu:zarrow(e^{z}, e^{\sqrt{2}z})$
$M(X)$ X ( ) \mu $=\mu(x)d_{\overline{Z}}/dz$
\mu $(-1,1)$ $|\mu|$ X
$\sup$ $||\mu||_{\infty}=\mathrm{e}\mathrm{S}\mathrm{s}\mathrm{s}\mathrm{u}\mathrm{p}|\mu|$ \mu R-
$\nu=(\nu_{1}, \nu_{2}):\tilde{R}arrow R$ $(-1,1)$
$(\nu_{1})^{*}\mu=(\nu 2)^{*}\mu$
$h$ : $Uarrow V$
graph$(h)\subset R$ h*(\mu )=\mu
(
)
$\prime \mathcal{R}$ $R$ $R$- X
$M(X, R)$ $M(X)$
$M_{1}(X, R)$
$K\geq 1$ $f$ :X\rightarrow Y K-
( ) L2
2[f] $:=\llcorner_{z}df_{z}d^{\frac{\overline{z}}{z}}$ $|| \mu[f]||_{\infty}\leq\frac{K-1}{K+1}$ K
$f$ $K(f)$ Weyl
1 \mu \in M1(X)
( Riemann (measurable Riemann mapping theorem))
\mu -
\mbox{\boldmath $\phi$}: $X’arrow X,$ $\psi$ : Y\rightarrow Y’ $\psi \mathrm{o}f\mathrm{o}$ \mbox{\boldmath $\phi$}
$\mu[\psi\circ f\mathrm{o}\phi]=\phi^{*}(\mu[f])$
target
$f$ : $Xarrow Y,$ $g:Xarrow Z$
\mu [f] $=\mu[g]$ $g\mathrm{o}f^{-1}$ : $Yarrow Z$
Riemann
10
$X$ Riemann \mbox{\boldmath $\pi$} : $\overline{X}arrow X$ ( ) (
$X\text{ }$ Riemann ) Poincar\’e-Koebe – $\overline{X}$
Riemann $\mathbb{C}$ $\mathbb{H}$ 1
X
$X$ Y
$\Gamma$ \mbox{\boldmath $\pi$} : $\overline{X}arrow X$ \emptyset $0$ ‘ $\Gamma=\{\gamma\in \mathrm{A}\mathrm{u}\mathrm{t}(\overline{X});\pi 0\gamma=\pi\}$
$\Gamma$ X ( )
$X$ – Riemann C, $\mathbb{C},$ $\mathbb{H}$
Aut $(\hat{\mathbb{C}})$ Riemann
Riemann $\mathrm{A}\mathrm{u}\mathrm{t}(\mathbb{C})$ $\mathbb{C}$
$\mathbb{C}$ Riemann $\mathbb{C},$ $\mathbb{C}^{*}=$
$\mathbb{C}\backslash \{0\}$ ( )
Riemann $\mathbb{H}$
Riemann Riemann
$X$ Riemann \Gamma \mbox{\boldmath $\pi$} : $\mathbb{H}arrow X$
$\Gamma$ PSL $(2, \mathbb{R})$ (torsion-free )FuchS
\Lambda (\Gamma ) $\mathbb{H}$ 1 $=\mathbb{R}\cup\{\infty\}$
X $=(\hat{\mathbb{R}}\backslash \Lambda(\Gamma))/\Gamma$ $X$
$X$ $(\hat{\mathbb{C}}\backslash \Lambda(\Gamma))/\Gamma$ ( $\Lambda(\Gamma)=\hat{\mathbb{R}}$




\mbox{\boldmath $\omega$} : $Xarrow X$ $\mathbb{H}$ D: $\mathbb{H}arrow \mathbb{H}$
$\mathit{0}$ –
D\Gamma l=\Gamma $\tilde{\omega}$ \Lambda (F)
$\omega$ X\cup \partial X
21 $(\mathrm{E}\mathrm{a}\mathrm{r}\mathrm{l}\mathrm{e}-\mathrm{M}_{\mathrm{C}\mathrm{M}\mathrm{u}}11\mathrm{e}\mathrm{n})$ . $X$ Riemann \mbox{\boldmath $\omega$} : $Xarrow X$
(1) $\omega$ : $\mathbb{H}arrow \mathbb{H}$
(2) $\omega$
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(3) $\omega$ – \mbox{\boldmath $\omega$},
– $K<\infty$ $t$ \mbox{\boldmath $\omega$},
K-





“ Holomorphic Functions and
Moduli I ” (Springer-Verlag: MSRI publications volume 10, 1988)
Earle-McMullen: “ Quasiconformal isotopies ”
$\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller
22. \mbox{\boldmath $\phi$}:X\rightarrow Y (X, $\mathcal{R}$), $(Y, S)$
$S=\{(\phi\cross\phi)(R) : R\in n\}$
23. (X, $\mathcal{R}$) Def(X, $R$) $(Y, S)$ \mbox{\boldmath $\phi$} :
$Xarrow Y$ $(\phi, Y, S)$ $(\phi, Y, S)$ $(\psi, Z, \mathcal{T})$
$c$ :Y\rightarrow Z \psi $=c\mathrm{o}\phi$
22. \mbox{\boldmath $\phi$}\mapsto \mu [\mbox{\boldmath $\phi$}] $=\overline{\partial}\phi/\partial\phi$ $\mathrm{D}\mathrm{e}\mathrm{f}(x, n)$ $M_{1}(X, \mathcal{R})$ –
Proof. –
$R\in \mathcal{R}$ $h:Uarrow V\text{ _{}\mathrm{g}_{\Gamma}\mathrm{a}_{\mathrm{P}^{\mathrm{h}}}}(h)\subset R$
$g:=\phi \mathrm{o}h\mathrm{o}\phi^{-}1:\phi(U)arrow\phi(V)$
graph $(g)=(\phi\cross\phi)(\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(h))\subset S:=(\phi\cross\phi)(R)\in S$
$g$ $g\circ\phi=\phi \mathrm{o}h$ $h^{*}\mu[\phi]=\mu[\phi]$
$\ovalbox{\tt\small REJECT}_{\sim}^{arrow}\mu[\phi]\in M_{1}(X, R)$
\mu \in M1(X, $R$ ) \mu -
$\phi:Xarrow Y$ $S:=\{(\phi \mathrm{x}\underline{\phi})(R)_{)}R\in \mathcal{R}\}$ Y
$\nu$ : $Rarrow R$ $(\nu_{j})^{*}\mu\#\mathrm{h}i=1,2$










(X, $R$ ) $(\omega, X, R)$
QC(X, $\mathcal{R}$)
$\omega\cdot(\phi, Y, S)\vdash\Rightarrow(\phi 0\omega^{-1}, Y, S)$
$\mathrm{D}\mathrm{e}\mathrm{f}(X, \mathcal{R})$
$\mathrm{Q}\mathrm{C}(X, \mathcal{R})$ \mbox{\boldmath $\omega$} $X$ X –
$\omega_{t}$
$(_{\backslash }2.1)$ $(\omega_{t}\cross\omega_{t})(R)=R$ for all $R\in \mathcal{R}$
$\mathrm{Q}\mathrm{C}_{0}(\mathrm{x}, R)$
.
24. $R$ (2.1) \mbox{\boldmath $\omega$}t\in QC(X, $R$ )
(X, $R$ ) $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ ller Teich(X, $\mathcal{R}$ ) Def(X, $\mathcal{R}$) $/\mathrm{Q}\mathrm{C}_{0}(X, \mathcal{R})$
$\mathrm{Q}\mathrm{C}_{0}(X, \mathcal{R})$ $\mathrm{D}\mathrm{e}\mathrm{f}(X, \mathcal{R})$ $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller
\sim $(\phi, Y, S)$ ,
$(\psi, z, \tau)\in \mathrm{D}\mathrm{e}\mathrm{f}(x, n)$ $(\phi, Y, S)\sim(\psi, Z, \mathcal{T})$
$c:(Y, S)arrow(Z, \mathcal{T})$ \mbox{\boldmath $\omega$}\in QCo(X, $\mathcal{R}$ )
$\psi_{=c\circ}\phi 0\omega$
$(\phi, Y, S)$ $[\phi, Y,S]$
$[\mathrm{i}\mathrm{d}_{x}, X, \mathcal{R}]$ Teich(X, $R$ )
$\mathit{0}_{x}$ $O_{(X,\mathcal{R})}$ Teichm\"uller
\Phi : $\mathrm{D}\mathrm{e}\mathrm{f}(x, n)=M_{1}(X, R)arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(X, R)$
( 1 )
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$(\hat{\mathbb{C}}, G)$ Teichm\"uller Teich(C, $G$ )
$M_{1}(\Lambda(G), G)\cross \mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}(\Omega(G)/G)$
$\text{ _{ } _{}\omega}\in \mathrm{Q}\mathrm{c}_{0}(\mathbb{C}, G)$ $G$ \Lambda (G)
Kra Maskit
26. $f$ : $Xarrow X$ 1 $R=\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(f)=$.
$\{(x, f(x)):x\in X\}$ (X, $f$ )
X Riemann $f$
$\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}_{1}\mathrm{n}\ddot{\mathrm{u}}11\mathrm{e}\mathrm{r}$ Teichm\"uller (Teichm\"uller pre-metric)
:






$(\phi, Y, S)$ Def(X, $R$) \mbox{\boldmath $\phi$}*: $\mathrm{D}\mathrm{e}\mathrm{f}(Y, s)arrow$
$\mathrm{D}\mathrm{e}\mathrm{f}(X, \mathcal{R})$
(2.2) $\phi^{*}:(\psi, z, \tau)-(\psi\circ\phi, Z, \tau)$
$\phi \mathrm{Q}\mathrm{c}_{0}(x, \mathcal{R})\phi^{-1}=\mathrm{Q}\mathrm{C}_{0}(Y,S)$
$\phi^{*}:$ $\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(Y, S)arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(x, \mathcal{R})$ $Q=[\phi, Y, S]\in$




(22) $M_{1}(X, \mathcal{R})$ (
)
$\phi^{*}(\mu)=\frac{\mu[\phi]+(\mu \mathrm{O}\phi)\overline{\phi_{z}}/\phi z}{1+\overline{\mu}[\phi 1(\mu \mathrm{O}\phi)\overline{\phi_{z}}/\phi z}$




2.4. (X, $R$) $S$ $R$
( X $\cross$ X 1 )
$S$ $\mathcal{R}$ (full dynamics)
$S\cap \mathrm{d}\mathrm{g}(x)$ $(x, x).\in S\cap \mathrm{d}$
.
$\mathrm{g}.(X.).$
.$x\in X$ S $R$
2.3. (X, $R$) 1 $X\text{ }\hat{\mathbb{C}},$ $\mathrm{c},$ $\mathbb{C}^{*}$ ,
3, 2, 1, 1 $R$
$TeiChm\ddot{u}\iota\iota er$
Proof. $d(O_{X}, [\psi,Y, S])=0$ \psi \sim idX Te-
ichm\"uller \psi n : $Xarrow Y$
$\phi_{n}:=\psi^{-}10\psi_{n}\in \mathrm{Q}\mathrm{C}0(X, R)$ , $K(\psi_{n})arrow 1$ $(narrow\infty)$
K(\mbox{\boldmath $\phi$}
\mbox{\boldmath $\phi$}n #$\leq_{\text{ } _{ } _{}\phi n_{j}}$
\mbox{\boldmath $\phi$}\infty \psi \infty \infty $:=\psi\circ\phi_{\infty}$
$K(\psi_{\infty})=K(\psi\circ\phi\infty)\leq\varliminf_{jarrow\infty}K(\psi 0\phi_{n}j)=\underline{1\mathrm{i}_{\ln_{jarrow\infty}}}K(\psi n_{j})=1$
\psi \infty idX $\phi_{\infty}\in \mathrm{Q}\mathrm{C}_{0}(X, R).\cdot$





\mbox{\boldmath $\phi$}\in QCo(X, $R$ ) $(\phi\cross\phi)(S\cap \mathrm{d}\mathrm{g}(X))=s\cap \mathrm{d}\mathrm{g}(X)$
\mbox{\boldmath $\phi$}
\mbox{\boldmath $\phi$} \mbox{\boldmath $\phi$}t
15




Mod$(x, R)=\mathrm{Q}\mathrm{c}(X, \mathcal{R})/\mathrm{Q}\mathrm{C}_{0}(X, \mathcal{R})$ (Teichm\"uller) mod-
ular (X, $\mathcal{R}$ ) $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller Aut(X, $R$ ) $=$
$\mathrm{A}\mathrm{u}\mathrm{t}(X)\mathrm{n}\mathrm{Q}\mathrm{c}(X, \mathcal{R})$ $\mathrm{A}\mathrm{u}\mathrm{t}(X, \mathcal{R})\mathrm{n}\mathrm{Q}\mathrm{c}0(X, R)=1$ $o_{x}$
Aut(X, $\mathcal{R}$ ) $/\mathrm{A}\mathrm{u}\mathrm{t}(x, n)\cap \mathrm{Q}\mathrm{C}_{0}(x, \mathcal{R})=\mathrm{A}\mathrm{u}\mathrm{t}(X, \mathcal{R})$
$)_{\vee^{\backslash }}$
2.7. Teichm\"uller
$\mathrm{L}\mathrm{i}\mathrm{p}_{\mathrm{S}\mathrm{C}}\mathrm{h}\mathrm{i}\mathrm{t}_{\mathrm{Z}}$ $f$ : $\mathbb{R}arrow \mathbb{R}$ $U_{f}\subset \mathbb{C}$
$U_{f}=\{z=x+iy;y>f(_{X)}\}$
$f,$ $g$ shear mapping
$\phi_{f,g}(_{X}+iy):=X+i(y-f(X)+g(x))$




$\mathcal{R}_{f}$ $R_{f}=\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\mathrm{i}\mathrm{d}_{U_{f}})=\{(x, x);x\in U_{f}\}$
$(\mathbb{C}, R_{f}),$ $(\mathbb{C}, R_{g})k\text{ }$ $\phi_{f,g}$ $(\mathbb{C}, R_{f})$ $(\mathbb{C}, \mathcal{R}_{g})$
Lipschitz $g\text{ }\mathrm{D}\mathrm{e}\mathrm{f}(\mathbb{C}, n_{f})$ \mbox{\boldmath $\phi$}f,g \mbox{\boldmath $\phi$}f,g
$\psi_{t}(_{X+}iy)=x+t+i(y-f(X)+g(_{X+}t))$ $(0\leq t)$ .
$f$ , g $c_{n}arrow\infty$
(1) $||f(x)-g(x+c)n||_{\Lambda^{1}}arrow 0$ $(narrow\infty)$
(2) \alpha , $\beta,$ $\gamma\in \mathbb{R}(\beta>0)$ $f(x)\not\equiv\alpha+g(\beta x+\gamma)$
(1) $K(\psi_{c_{n}})arrow 1$ $d(O_{\mathbb{C}}, [\phi_{f,g}])=0$
(2) $[\phi_{f,g}]$ $[\mathrm{i}\mathrm{d}_{\mathbb{C}}]$
$[\phi_{fg},]$





f\sim $($ $|)_{\text{ }}a>$
.
$0$
$b=s+it$ . $r$ .
$y>g(x)\Leftrightarrow x+iy\in U_{g}\Leftrightarrow c(x+iy)\in U_{f}$
$\Leftrightarrow ax+s+i(y+t)\in U_{f}\Leftrightarrow y+t>f(ax+s)$
$g(x)\equiv f(ax+s)-t$ (2)
$f,$ $g$ $d(x)=\mathrm{d}\mathrm{i}\mathrm{S}\mathrm{t}(X, \mathbb{Z})$
$\text{ }h(x)=\max(0, \frac{1}{10}-d(X))$ 1
$p_{1},p_{2},$
$\cdots\not\in 3$ $P=\{p_{1},p_{2}, \cdots\}$ $\text{ }$
$P\in P.\text{ }$ $a_{p}$ $0<a_{\mathrm{p}}<P/2$ $a_{p}arrow\infty$
$f(x)= \sum_{\in pP}2-ph(\frac{x}{p})$
$g(x)= \sum_{\in pP}2-ph(\frac{x+a_{p}}{p})$









$\sup f=\sup g$ $\alpha=0$
$\text{ }\sup$










31. $X$ $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}(x, \mathrm{A}\mathrm{u}\mathrm{t}0(X))$ $\mathbb{H}$
Def(X, $\mathrm{A}\mathrm{u}\mathrm{t}_{\mathrm{o}(X))}arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(X, \mathrm{A}\mathrm{u}\mathrm{t}0(X))$
modular
Mod$(X, \mathrm{A}\mathrm{u}\mathrm{t}_{\mathrm{o}(x}))\cong(\mathbb{R}/\mathbb{Z}\cross \mathbb{R})\rangle\triangleleft \mathbb{Z}_{2}$
Proof. $R\in(1, \infty)$ $A(R):=\{z;1<$
$|z|<R\}$ $X$ $\mathrm{A}\mathrm{u}\mathrm{t}_{0}(x)$
$S^{1}=\{z\in \mathbb{C};|z|=1\}$ – $\mathrm{o}$ (
$S^{1}$ (: M\"ob ) \mbox{\boldmath $\gamma$}(z) $=Rz$ $A(R)$ Klein \Gamma = $\langle$ \mbox{\boldmath $\gamma$} $\rangle$
M\"ob $S^{1}$ $\Gamma$
$S^{1}\mathrm{x}\Gamma$
\mu \in Ml(A(R), $S^{1}$ ) $\cong \mathrm{D}\mathrm{e}\mathrm{f}(A(R), s^{1})$ F
$\mathbb{C}$ \mu \tilde ( – ) Riemann
$0,1,$ $\infty$ \mu -
$w^{\mu}$ : $\hat{\mathbb{C}}arrow$
1 $z\in \mathbb{C}$ \mu \rightarrow w\mu (z)
$f\in S^{1}$ \mbox{\boldmath $\chi$}(f) $=w^{\mu}\mathrm{o}f\circ(w^{\mu})^{-1}$
$\chi(f)\in \mathrm{M}\ddot{\mathrm{o}}\mathrm{b}$







$A(R)$ $X$ $0\text{ }\overline{A}(R)=\{z\in C;0<$
${\rm Im} z<\log R\}$ $p(z)=e^{-iz}$ $P$ : $\tilde{A}(R)arrow A(R)$
p: $\mathbb{C}arrow \mathbb{C}^{*}$
$P$
$w^{\mu}$ w\tilde \mu $0$ ( –
) $\mathrm{k}^{\backslash }\langle$ $0$ $\tau=\tau(\mu)=\tilde{w}^{\mu}(i\log R)$
\tau : $M_{1}(A(R), s^{\mathrm{i}})arrow \mathbb{H}$
$\mu_{1}\sim\mu_{2}$ (Teichm\"uller )\Leftrightarrow \Leftrightarrow \tau (\mu 1) $=\tau(\mu_{2})$
$\mathrm{D}\mathrm{e}\mathrm{f}(A(R), s^{1})$ $\mathrm{Q}\mathrm{C}_{0}(A(R), s^{1})$
2.1 $\{w^{\mu};\mu\in M_{1}(A(R), s^{1}), \tau(\mu)--i\log R\}$ –
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\tau
Teich $(A(R), S^{1})=M_{1}(A(R), S1)/\mathrm{Q}\mathrm{c}_{0}(A(R), S^{1})arrow\underline{\simeq}\mathbb{H}$
$\mathbb{H}$ Teich(A(R), $S^{1}$ )
$s$ : $\mathbb{H}arrow M_{1}(A(R), s^{1})$ $.\backslash \mathrm{r}.$ . .:
(3.1) $s: \tau\mapsto\frac{\tau\infty i}{\tau+i}$ . $\frac{wd\overline{w}}{\overline{w}dw}$
( $\tilde{w}^{s(\tau)}(x+$
$iy\log R)=x+y_{\mathcal{T}}\log R$ )
modular QC(A(R), $S^{1}$ )
$Q\mathrm{C}^{+}(A(R), s^{1})$ $A(R)$
2
Mod$(A(R), S1)\cong \mathrm{Q}c(A(R), S^{1})/\mathrm{Q}\mathrm{C}_{0}(A(R), S^{1})$
$\cong \mathrm{Q}\mathrm{C}^{+}(A(R), S^{1})/\mathrm{Q}C_{0}(A(R), S^{1})\mathrm{x}\mathbb{Z}_{2}$
QC+$(A(R), S^{1})/\mathrm{Q}\mathrm{C}\mathrm{o}(A(R), S^{1})$
\mbox{\boldmath $\phi$} : $\mathbb{R}\cross \mathbb{R}arrow \mathrm{Q}\mathrm{C}^{+}(A(R), S^{1})$ $(a, b)\in \mathbb{R}\cross \mathbb{R}$
$\phi$ \mbox{\boldmath $\phi$}a,b A-(R) . .
(3.2) $\tilde{\phi}_{a,b}(x+iy\log R):=x+a+by+iy\log R$
$\mathbb{R}\cross \mathbb{R}arrow \mathrm{Q}\mathrm{C}^{+}(A(R), S^{1})arrow$
$\mathrm{Q}\mathrm{C}^{+}(A(R), s^{1})/\mathrm{Q}\mathrm{C}_{0}(A(R), s^{1})$
$2\pi \mathbb{Z}\cross 0$




32. $X$ Teich$(x, \mathrm{A}\mathrm{u}\mathrm{t}(X))$ $\mathbb{H}$
Def(X, $\mathrm{A}\mathrm{u}\mathrm{t}(x)$) $arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}$( $X$ , Aut (X))
modular
Mod $(X, \mathrm{A}\mathrm{u}\mathrm{t}(x))\cong(\mathbb{R}/\mathbb{Z}\cross \mathbb{R})\rangle\triangleleft \mathbb{Z}_{2}$ $\dot{i}$ ,
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Proof. $X=A(R)$ $\mathrm{A}\mathrm{u}\mathrm{t}(X)$ $j(z)=R/z$ $S^{1}$
$\langle j\rangle\cong \mathbb{Z}_{2}$
$\mathrm{D}\mathrm{e}\mathrm{f}(X, \mathrm{A}\mathrm{u}\mathrm{t}(X))\subset \mathrm{D}\mathrm{e}\mathrm{f}(X, \mathrm{A}\mathrm{u}\{\mathrm{o}(X))$
$\mathrm{Q}\mathrm{C}_{0}(X, \mathrm{A}\mathrm{u}\mathrm{t}(X))\subset \mathrm{Q}C_{0}(x, \mathrm{A}\mathrm{u}\mathrm{t}0(X))$
$\mathrm{D}\mathrm{e}\mathrm{f}(X, \mathrm{A}\mathrm{u}\mathrm{t}(x))\cap \mathrm{Q}C_{0}(x, \mathrm{A}\mathrm{u}\mathrm{t}0(X))=\mathrm{Q}\mathrm{C}_{0}(x, \mathrm{A}\mathrm{u}\mathrm{t}(x))$
$\omega$ \mbox{\boldmath $\omega$} $\mathrm{o}i=j\mathrm{o}\omega$
$j_{1}=\omega \mathrm{o}i^{\circ}\omega^{-1}$ $j_{1}\in \mathrm{A}\mathrm{u}\mathrm{t}(X)$
$j_{1}\in \mathrm{A}\mathrm{u}\mathrm{t}(X)\backslash \mathrm{A}\mathrm{u}\mathrm{t}_{0}(x)$ $j_{1}(z)=\alpha R/z$ $(|\alpha|=1)$
- $\omega$ \mbox{\boldmath $\omega$}(1) $=1$ ,\mbox{\boldmath $\omega$}(R)=R
$j_{1}(1)=\alpha R=\omega(j(\omega-1(1)))=R$
\alpha $=1$ \mbox{\boldmath $\omega$} $j$
Teich $(X, \mathrm{A}\mathrm{u}\mathrm{t}(x))arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(X, \mathrm{A}\mathrm{u}\iota_{0}(x))$
Mod$(X, \mathrm{A}\mathrm{u}\mathrm{t}(x))arrow f\mathrm{M}\mathrm{o}\mathrm{d}(X, \mathrm{A}\mathrm{u}\mathrm{t}0(X))$
(3.1) (32) Aut(X)
(X ) $c\cdot\overline{(dw/w)}/(dw/w)$
( $c$ ) $j^{*}(dw/w)=-dw/w$
(dw/w)/(dw/w) j-
$\square$
“ ” ( )
(
)
3.1. $X$ Riemann $\pi$ : $\overline{X}arrow X$ R\subset X $\cross$ X
\mbox{\boldmath $\pi$} (covering relation) $\mathrm{A}\mathrm{u}\mathrm{t}(\overline{X})$ \mbox{\boldmath $\gamma$}
$\text{ }R=(\pi\cross\pi)(\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\gamma))$ \mbox{\boldmath $\pi$} \mbox{\boldmath $\pi$}
20
31. $f$ : $Xarrow Y$ $R=\{(X, X’)\in X\cross X;f(x)=f(x)/\}$
disjoint union
3.2. 23
3.3. $R$ Riemann X \mbox{\boldmath $\pi$} : $\overline{X}arrow X$ $\Gamma$
$\pi$ $R$ Aut(XX)-
$\mathrm{A}\mathrm{u}\mathrm{t}(\overline{X})$ \Gamma /
Teich $(x, R)\cong \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\overline{X}, \Gamma)$
Proof.
34. $\Gamma’$ Aut(X) ( – ) \Gamma (
F’ )
Teich $(X, \Gamma’)=\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(X, \Gamma)$
$\mathrm{D}\mathrm{e}\mathrm{f}(X, \tau’)=\mathrm{D}\mathrm{e}\mathrm{f}(X, \Gamma)$
33 \Gamma \Gamma ’
\mbox{\boldmath $\pi$}
$\pi^{*}:$ $M_{1}(X,R)arrow M_{1}(\overline{X}, \Gamma’)$
QCO(X, $\mathcal{R}$ ) $\text{ }\mathrm{Q}\mathrm{C}(0\overline{X}, \Gamma’)$
–
$R\in R$ \mbox{\boldmath $\gamma$} $\in \mathrm{A}\mathrm{u}\mathrm{t}(\overline{X})$ $R=\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\gamma)$
\mbox{\boldmath $\omega$} $\in \mathrm{Q}\mathrm{C}_{0}(X, R)$ \mbox{\boldmath $\omega$}, –
X– \mbox{\boldmath $\omega$}t
$a_{t^{\circ}\gamma}$ : $\gamma 0$ \mbox{\boldmath $\omega$}\tilde t $(\tilde{\omega}_{t}\cross\tilde{\omega}_{t})(\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{P}\mathrm{h}(\gamma))=\mathrm{g}\mathrm{r}\mathrm{a}_{\mathrm{P}}\mathrm{h}(\gamma)$ \simeq $\gamma_{t}=\tilde{\omega}_{t}0\gamma \mathrm{O}\tilde{\omega}^{-1}t$
$(\pi\cross\pi)(\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\gamma_{t}))=(\pi \mathrm{X}\pi)\circ(\overline{\omega}_{t}\cross\tilde{\omega}_{t})(\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\gamma))=(\omega t\cross\omega_{t})\mathrm{o}(\pi\cross\pi)(\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\gamma))$
$=(\omega_{t}\cross\omega_{t})(R)=R=(\pi\cross\pi)(\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\gamma))$
$X$ $U$ \mbox{\boldmath $\pi$}
$s:Uarrow\overline{U}$
$( \pi\cross\pi)(\mathrm{g}\mathrm{r}a\mathrm{p}\mathrm{h}(\gamma_{t}))\cap(U\cross x)=(\pi\cross\pi)(\mathrm{g}\mathrm{r}\mathrm{a}_{\mathrm{P}}\mathrm{h}(\gamma))\cap(U\mathrm{X}x)=\delta\in\bigcup_{\mathrm{r}0}.\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\pi\circ\gamma\circ\delta \mathrm{o}S)$
21
graph




$\mathrm{g}\mathrm{r}\mathrm{a}_{\mathrm{P}^{\mathrm{h}(\mathrm{o}S}}\pi 0\gamma_{t})=\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{p}\mathrm{h}(\pi 0\gamma \mathrm{o}s)$
\mbox{\boldmath $\pi$} $0\gamma_{t^{\mathrm{O}s=}}\pi 0\gamma \mathrm{o}s$ U
\mbox{\boldmath $\pi$} $0\gamma t=\pi 0\gamma \text{ }\overline{U}$ $t$
$\delta_{t}\in$ \mbox{\boldmath $\gamma$}t $=\delta_{t}0\gamma$ $\delta_{t}$
\mbox{\boldmath $\delta$}t $=\mathrm{i}\mathrm{d}$




$\mathbb{H}$ Aut(H) $=\mathrm{P}\mathrm{s}\mathrm{L}(2,\mathbb{R})$ \Gamma
Teichm\"uller Teich$($H, $\Gamma)$
Aut(H)
\Gamma Aut(H) $\mathrm{A}\mathrm{u}\mathrm{t}(\mathbb{H})$ Lie $\Gamma$
Lie F
35 $(\mathrm{P}\mathrm{S}\mathrm{L}(2, \mathbb{R})$ ). $\Gamma$ PSL $(2, \mathbb{R})$
(1) $\dim\Gamma=0$ \Gamma ( torsion ) Fuchs
(2) $\dim\Gamma=1$ $\Gamma$
( ) 1 1
(2 2 ) Z2-
(3) $\dim\tau=2$ $\Gamma$ 1 ne Aff+(l, $\mathbb{R}$)
$z-\succ az+b$ $(a>0, b\in \mathbb{R})$
(4) dinl $\Gamma=3$ $\Gamma=\mathrm{P}\mathrm{S}\mathrm{L}(2,\mathbb{R})$
Proof.
0,3 1






) 1 \Gamma 1 $=\{z\}arrow t_{Z};t>0\}$
$(\mathrm{e}\mathrm{x}\mathrm{p}:\epsilon \mathrm{t}(2,\mathbb{R})arrow \mathrm{S}\mathrm{L}(2, \mathbb{R})$
) $\Gamma$ 2 \Gamma 1
$0,$ $\infty$ 1 PSL $(2, \mathbb{R})$
$A=\in \mathrm{S}\mathrm{L}(2,\mathbb{R})$ \Gamma 2 $=A\Gamma_{1}A^{-1}$
$abcd\neq 0$
$t>0$ $H(t)=$







(1) \Gamma . $\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\mathbb{H}, \Gamma)$ Riemann ( orbifold) Teichm\"uller
Teich(H/\Gamma )
(2) \Gamma 1 Teich $(\mathbb{H}, \Gamma)\cong \mathbb{H}$ .
(3) Teich $($H, $\Gamma)$ 1
Proof. $(a)$ (b) \Gamma
1
\mbox{\boldmath $\gamma$} $\in\Gamma$ $\mathbb{H}/\langle\gamma_{0}\rangle$ $A(R)$
Auto(A(R))\cong Sl 3.1 \Gamma $=$
.
$\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\mathbb{H}, \Gamma)\cong \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(\mathbb{H}/\langle\gamma 0\rangle, \Gamma_{0}/\langle\gamma 0\rangle)\cong \mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\bm{\mathrm{h}}(A(R), S1)\cong \mathbb{H}$
$\Gamma\neq\Gamma_{0}$ \Gamma \cong \Gamma 0 $\mathrm{x}\mathbb{Z}_{2}$ \Gamma / $\langle$ \mbox{\boldmath $\gamma$} \rangle \cong S1 $\cross$ Z2
32




\Gamma \cong Sl Def$($ \Delta , $\Gamma)$ \mbox{\boldmath $\phi$} \mbox{\boldmath $\phi$}(\Delta ) $=\Delta,$ $\phi(0)=0$
3.1 \mbox{\boldmath $\phi$} $S^{1}$
\mbox{\boldmath $\phi$}|\partial \Delta \mbox{\boldmath $\gamma$} $\Delta$
\mbox{\boldmath $\phi$} \mbox{\boldmath $\gamma$} 2.1 $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}(\Delta, S^{1})$
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$[\phi]=[\gamma]=[\mathrm{i}\mathrm{d}]$ Teich$($ \Delta , $S^{1})\cong \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\mathbb{H}, \Gamma)$ 1
\Gamma \Gamma $\text{ }\mathbb{H}=\mathbb{R}\cap\{\infty\}$
–
– \Gamma $=\mathbb{R}$ $\phi\in \mathrm{D}\mathrm{e}\mathrm{f}(\mathbb{H}, \tau)$
$\phi(\mathbb{H})=\mathbb{H},$ $\phi(\infty)=\infty$ \mbox{\boldmath $\phi$}
F $=\mathbb{R}$ ( )
$\phi|\wedge\#\mathrm{h}\text{ _{}\mathrm{a}\mathrm{f}\mathrm{f}\mathrm{i}\mathrm{n}}\mathrm{e}_{\#\sim}^{\prime r_{\mathrm{T}\mathrm{e}\mathrm{i}}}\bigwedge_{\Leftrightarrow}.x\mapsto ax+ba>0,\in \mathbb{R}7t\mathrm{I}\rfloorarrow \mathbb{R}\text{ }\downarrow^{\mathrm{a}\bigwedge_{\overline{\Pi}}}\varpi \text{ }:\text{ }\Re_{\gamma\cdot)\mathrm{i}}\text{ }-pX\mathrm{c}\mathrm{h}(arrow\grave{\grave{\mathrm{a}}}^{\nearrow}\backslash \mathrm{B}\mathrm{a}\text{ _{}\circ}:9^{- \text{ }}$
\Gamma 2 \Gamma $=\mathrm{A}\mathrm{f}\mathrm{f}^{+}(1, \mathbb{R})$
$[\Gamma, \Gamma]$ 1
$\phi\in \mathrm{D}\mathrm{e}\mathrm{f}(\mathbb{H}, \tau)$ \mbox{\boldmath $\phi$}(H) $=\mathbb{H},$ $\phi(\infty)=\infty$ $\phi$
$[\Gamma, \Gamma]$ Teich $($H, $\Gamma)$
1
\Gamma 3 Def $($H, $\Gamma)$ 1
\mu \in Ml $(\mathbb{H}, \mathrm{A}\mathrm{u}\mathrm{t}(\mathbb{H}))$ \mbox{\boldmath $\gamma$}\in Aut(H)
$\mu(\gamma(Z))\overline{\gamma’(Z)}/\gamma’(z)=\mu(Z)$
$\mu=0$
33. $X$ \Delta $f$ : $Xarrow X$ $k$
$\text{ }$ $f(z)=z^{k}$ (
) \mbox{\boldmath $\pi$} : $\mathbb{H}arrow X$ \mbox{\boldmath $\pi$}(z) $=e^{2\pi iz}$
\Gamma $=\langle\gamma\rangle$ \mbox{\boldmath $\gamma$}(z) $=z+1$
$f$ \mbox{\boldmath $\delta$}(z) $=kz$
$\delta\in \mathrm{A}\mathrm{u}\mathrm{t}(\mathbb{H})$ $\prime \mathcal{R}_{f}$ \mbox{\boldmath $\delta$} $0\gamma=.\gamma k_{\circ}$ \mbox{\boldmath $\delta$}
$\langle\gamma, \delta\rangle$ PSL $(2, \mathbb{R})$ 1 affine
Aff+(l, $\mathbb{R}$) 36 $\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}1\mathrm{l}\mathrm{e}\Gamma$ Teich(X, $f$ ) 1
Teichm\"uller
$\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller (
) ( $\ell\infty$ )
37. (X, $\mathcal{R}$ ) $(X_{\alpha}, \mathcal{R}_{\alpha})$ $(\alpha\in A)$
Teich
$(x, \mathcal{R})\cong\prod\alpha\in Al\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(x_{\alpha}, \mathcal{R}_{\alpha})$
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\Pi l $TeiChm\ddot{u}\iota\iota er$ –






$f$ $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller Teich(C, $f$ )
– – 1
$X$ $f$ : X\rightarrow X
$f$
$x,$ $y\in X$ $n,$ $m$ $f^{n}(x)=fm(y)$ $x,$ $y$
grand orbit equivalence relation x\sim y $n=m$
small orbit equivalence relation x\approx y grand orbit
equivalence relation $X$ $X/f$
$x$
Teichm\"uller Teich(X, $f$ ) $:=\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(X, R_{f})$
41. 1 $X$ $f$ : $Xarrow X$
( ) X/f
(1) f grand orbit relation $X/f$ Riemann
Teich(X, $f$ ) $\cong \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(X/f)$
(2) f grand orbit relation X
$A$
Teich $(X, f)\cong \mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}(A,\mathrm{A}\mathrm{u}\mathrm{t}_{\mathrm{o}())}A\cong \mathbb{H}$
(3) Teich(X, $f$ ) 1
Proof. $X$ 1 $x_{0}$ $X_{n}=f^{n}(x_{\mathit{0}})$ $n\geq 0$
$\{(x, y)\in X_{0}\chi X_{0};fn(X)=fn(y)\}$ $\mathcal{R}_{n}$ disjoint union
$\text{ }\mathcal{R}=\bigcup_{n=}^{\infty}\text{ }\mathcal{R}_{n}$
Teich $(X, f)\cong \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(x_{0}, n)$
25
$x_{0}$
$M_{1}(X, f)arrow M_{1}(X_{0}, \mathcal{R})$ , $\mathrm{Q}\mathrm{C}_{0}(X, f)arrow \mathrm{Q}\mathrm{C}_{0}(x_{0}, \mathcal{R})$




Teich $(X_{0}, \mathcal{R})\cong \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\mathbb{H}, \Gamma)$




( ) $\langle\gamma_{n}, \delta_{n}\rangle$ \mbox{\boldmath $\gamma$}n\rightarrow id, $\delta_{n}arrow \mathrm{i}\mathrm{d}$
$\mathrm{J}\emptyset \mathrm{r}\mathrm{g}\mathrm{e}\mathrm{n}\mathrm{s}\mathrm{e}\mathrm{n}$
$|\mathrm{t}\mathrm{r}^{2}\gamma_{n}-4|+|\mathrm{t}\mathrm{r}[\gamma_{n}, \delta_{n}]-2|\geq 1$
( tr $\mathrm{t}\mathrm{r}a\mathrm{c}\mathrm{e}_{\text{ }}[\gamma,$ $\delta]$ ) \Gamma 1
\Gamma
\Gamma $0$ \Gamma














$f$ $\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller Teich(C, $f$ )
grand orbit $\text{ }\mathrm{Q}\mathrm{C}_{0}(\hat{\mathbb{C}}, f)$
( )
$\text{ }$
( ) post critical set $P$ J^
(critical points) grand orbit J\subset J^
J\ 3
1. f Julia $J$
2. ( ) Siegel
grand orbit .
3. Siegel Herman grand orbit
leaf
2,3 $0$
$\hat{\Omega}=\hat{\mathbb{C}}-\hat{J}\subset\Omega$ ( \Omega $=\Omega_{f}$ f Fatou )
$f$ : $\hat{\Omega}arrow\hat{\Omega}$ ( ) $\mathrm{Q}\mathrm{C}_{0}(\hat{\mathbb{C}}, f)=\mathrm{Q}\mathrm{C}_{0}(\hat{\Omega}, f)$
Teich $(\hat{\mathbb{C}}, f)=M_{1}(J, f)\cross \mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}(\hat{\Omega}, f)$
$=M_{1}(J, f) \cross\prod_{W}’\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(W, f)$
$W$ grand orbit relation $\hat{\Omega}$
(
37 )
No Wandering Domains Theorem W $f$
\Omega $Ul^{rightarrow}\sim 1\mathrm{a}\mathrm{n}\mathrm{d}$ U $p\text{ _{}\hat{U}}=U\backslash \hat{J}$
W land 0 $W_{1}$ 4.1 ( ) $\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(W, f)\cong$
$\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(W1, f^{p})$
$x$ , y\in \Omega (foliated equivalence
class) $x,$ $y$ grand orbit – $U$
(critical point) $n$
$\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller $(g, n)$ Rie-
mann ( g Riemann $n$






)42. $\Delta^{n}\subset \mathrm{D}\mathrm{e}\mathrm{f}(\hat{\mathbb{C}}, f)=M1(\hat{\mathbb{C}}, f)$ \Phi : $\mathrm{D}\mathrm{e}\mathrm{f}(\hat{\mathbb{C}}, f)arrow$
$\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(\hat{\mathbb{C}}, f)$
$n\leq 2d-2=\dim(\mathrm{R}\mathrm{a}\mathrm{t}_{d}/\mathrm{A}\mathrm{u}\mathrm{t}(\hat{\mathbb{C}}))$
Proof. $\eta:\mathrm{D}\mathrm{e}\mathrm{f}(\hat{\mathbb{C}}, f)arrow V:=\mathrm{R}\mathrm{a}\mathrm{t}_{d}/\mathrm{A}\mathrm{u}\mathrm{t}(\hat{\mathbb{C}})$ $[\phi,\hat{\mathbb{C}}, g]-\rangle g\mathrm{m}\mathrm{o}\mathrm{d}\mathrm{A}\mathrm{u}\mathrm{t}(\hat{\mathbb{C}})$
$V$ $2d-2$ complex orbifold $n>2d-2$
$\eta:\Delta^{n}arrow V$ fiber $\Delta^{n}$
$(\phi_{t}, g_{t})$ $(0\leq t\leq 1)$ gt ( $g_{t}=g0$ )
$\phi_{t}^{-1}\circ\phi_{0}$ $f$ J^





4.3. $d>1$ ichmuller $2d-2$
Fatou
W Sland Fatou $U$ 5
grand orbit relation $a,\mathrm{b}$ -\tau ‘‘‘ $\mathrm{c},\mathrm{d},\mathrm{e}$
4.1 $\hat{U}=U\backslash \hat{J}$
$\text{ }\hat{U}$ grand orbit equivalence class
$m$ Teich $(\text{\^{U}}, fp)$ $m$ $\mathbb{H}^{m}$
$\mathrm{a}$ . : $W/f\cong\hat{U}/f^{p}$ $(1, n)$ Riemann fp $U$





$\mathrm{b}$ . : $W/f\cong\hat{U}/f^{p}\text{ }(0, n+2)$ Riemann
$\dim \mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}\mathrm{h}(}\hat{U},$ $fp)=n-1$ .
\psi : $Uarrow \mathbb{C}$ \psi (fp(z)) $=\psi(z)+1$
\psi (U) $U$ 1 1
.
$U/f^{p}\cong \mathbb{C}/\langle_{Z\vdasharrow z+1}\rangle\cong \mathbb{C}^{*}$
$W/f\underline{\simeq}\hat{U}/f^{p}$ $n$ $(0, n+2)$
Riemann




$\mathrm{d}$ . Herman : $U$ Herman $U$
$f^{p}$
$\hat{U}$ W $n+1$
Teich $($ \^U, $f^{P})\cong \mathbb{H}^{n+1}$
$\mathrm{e}$ . : $U$ $a$ $a$
grand orbit leaf ( $n=0$ )
$\text{ }a$ $k>1$ $z-\rangle$ $z^{k}$
33 Teichm\"uller 1
( z $\{z;r_{0}^{k}<|z|\leq r_{0}\}$ – “
” ) $n>0$ 0






$\mathrm{f}$. $M_{1}(J, f)$ $E$ $J$
E (invariant line field)




$df$ : TC^\rightarrow T Grassmann (f $df\neq 0$
)




$L(e)=$ { $v\in T_{e}\hat{\mathbb{C}};\mu(v)=1$ $v=0$ }
o
44. $M_{1}(J, f)$ J
Proof.
$M_{1}(J, f)\llcorner_{arrow}\mathrm{D}\mathrm{e}\mathrm{f}(\hat{\mathbb{C}}, f)arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(\hat{\mathbb{C}}, f)$ ,
\mu $\in M_{1}(J, f)$ \Omega $0$ $0,1,$ $\infty$
$w^{\mu}.:\hat{\mathbb{C}}arrow$
$\mathrm{T}\mathrm{e}\mathrm{i}_{\mathrm{C}}\mathrm{h}\mathrm{m}\ddot{\mathrm{u}}$ller $[w^{\mu}]$ $\mu,$ $\nu\in M_{1}(J, f)$
$[w^{\mu}]=[w^{\nu}]$ Teichm\"uller




\mu =\nu $M_{1}(J, f)arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(\hat{\mathbb{C}}, f)$
42 $M_{1}(J, f)$
$M_{1}(J, f)$ .





$n_{LF}=Ju\iota ia$ $(=\dim M(J, f))\text{ }$
nP=
\Phi : $\mathrm{D}\mathrm{e}\mathrm{f}(\hat{\mathbb{C}}, f)arrow \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(\hat{\mathbb{C}}, f)$
Teichm\"uller modular Teichm.\"uller .
4.6. Mod $(\hat{\mathbb{C}}, f)\text{ }\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\hat{\mathbb{C}}, f)$ properly discontinuous
Proof. Mod $(\hat{\mathbb{C}}, f)\text{ }\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(\hat{\mathbb{C}}, f)$ Te-
ichm\"uller
$\rho=\rho_{f}$ : Mod $(\hat{\mathbb{C}}, f)arrow \mathrm{A}\mathrm{u}\mathrm{t}(\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\hat{\mathbb{C}}, f))$ .
Lie G:=Im\rho $G$ Lie
$\dim G>0$ $(\phi_{t},\hat{\mathbb{C}}, f)\in \mathrm{Q}\mathrm{C}(\hat{\mathbb{C}}, f)$ $(0\leq$
$t\leq 1)^{\text{ }\mathrm{M}}\mathrm{o}\mathrm{d}(\hat{\mathbb{C}}, f)$ $f$
J^ \mbox{\boldmath $\phi$}t $=\phi_{0}$





1 $P=([\phi],\hat{\mathbb{C}}, g)\in \mathrm{T}\mathrm{e}\mathrm{i}\mathrm{c}\mathrm{h}(\hat{\mathbb{C}}, f)$
Mod $(\hat{\mathbb{C}}, f)$ $H$ Aut(g) $=\{\gamma\in \mathrm{M}\ddot{\mathrm{o}}\mathrm{b};g\mathrm{o}\gamma=\gamma \mathrm{o}g\}$
$\mathrm{A}\mathrm{u}\mathrm{t}(g)$
$H$ ( Aut(g) g $n$
)
\rho ([\mbox{\boldmath $\omega$}n’ $\hat{\mathbb{C}},$ $f]$ ) $\in$
$G$ $P–([\phi],\hat{\mathbb{C}}, g)$ $[\omega_{n}]Parrow P$ $\circ$
$d([\phi 0\omega_{n}^{-1}], [\phi])=d([\phi 0\omega_{n}], [\phi])arrow 0$ $(narrow\infty)$
( $d$ Teichm\"uller ) $[\omega_{n}]$ ( $=$
$\phi 0\omega_{n^{\mathrm{O}}}\phi-1\in Q\mathrm{C}(\hat{\mathbb{C}}, g)$ $K(\xi_{n})arrow 1$ $(narrow\infty)$ $k$ \tau $0$
\mbox{\boldmath $\gamma$} $\in \mathrm{Q}c(\hat{\mathbb{C}}, g)$
\xi n\rightarrow \mbox{\boldmath $\gamma$}( ) \mbox{\boldmath $\gamma$}
\mbox{\boldmath $\gamma$} $\in$ Aut $(g)$ $\mathrm{A}\mathrm{u}\mathrm{t}(\mathrm{T}\mathrm{e}\mathrm{i}\mathrm{C}\mathrm{h}(\hat{\mathbb{C}}, g))$ $\mathrm{A}\mathrm{a}\text{ }\rho g([\xi n.])arrow\rho_{g}(\gamma)$
$\text{ _{ } ^{ } _{ }\rho_{g}}(\mathrm{M}\mathrm{o}\mathrm{d}(\hat{\mathbb{C}},g))$
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$n\text{ }\rho J[\xi n])=\rho_{g}(\gamma)$
Teich(C, $g$ ) $[\xi_{n}]=[\gamma]$




$f_{\lambda}(z)$ X $(\lambda, z)\}arrow f\lambda(z)$
$X\cross\hat{\mathbb{C}}arrow\hat{\mathbb{C}}$
holomorphic motion injection
(X, $x$ ) $A$ $\phi:X\mathrm{x}Aarrow$ $A$
holomorphic motion
1. $a\in A\text{ }\phi\lambda(a)=\phi(\lambda, a)$ \mbox{\boldmath $\lambda$}
2. \mbox{\boldmath $\lambda$}\in X \mbox{\boldmath $\phi$}\mbox{\boldmath $\lambda$} : $Aarrow \mathrm{C}$
3. $\phi_{x}=\mathrm{i}\mathrm{d}_{A}$ .
5.1. $(\lambda-\iota_{e}mma)A\text{ }$ holomorphic motion – –A holomorphic motion
\mbox{\boldmath $\phi$}: $X\cross Aarrow$ 2 \mbox{\boldmath $\lambda$}
\mbox{\boldmath $\phi$}, C
5.2. (harmonic $\lambda- lemmo$) $\phi:\Delta\cross Aarrow$ 3 $A$ holomor-
phic motion $\Delta$ $\phi|\Delta(1/3)\cross A$ holomorphic
motion \mbox{\boldmath $\phi$}, $-$ “ ”
–
$X^{\mathrm{t}\mathrm{o}\mathrm{p}}$ $\alpha\in X$ U \beta \in $U$ $f_{\alpha}$ f\beta
$X^{\mathrm{q}\mathrm{c}}$ “ ” “ ”





$f^{b}(C_{j}(\lambda))$ $(i,j, a, b)$ “‘\mbox{\boldmath $\lambda$} –




$X^{\mathrm{t}\mathrm{o}_{\mathrm{P}}}\iota\mathrm{h}$ topologically stable $\mathrm{p}a\mathrm{r}a\mathrm{m}\mathrm{e}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{s}\text{ }X^{\mathrm{q}\mathrm{c}}b\mathrm{h}$ quasiconformally stable parameters





54. $X^{\mathrm{t}\mathrm{o}\mathrm{p}}$ $X$ open dense
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